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Objective
We systemically analyzed correlations 
between neural phenotypes, functional 
measures, and patient background in 
adult OPC patients.
Introduction
• Oropharyngeal cancer (OPC) is a 
type of head and neck cancer found 
within a specific area of the throat
known as the oropharynx. 
• Over 90% of OPCs are squamous 
cell carcinomas (SCC). 
• Treatments such as radiation therapy 
can produce adverse effects, causing 
OPC patients to have trouble with 
speech or swallowing. 
• While studies have examined the 
effects of OPC on muscular systems, 
there is little known its impact on 
nerves. 
• Since pain is the most common 
presenting symptom in oral SCC, 
understanding the neural 
environment is imperative to 
alleviating OPC. 
Conclusions
The results of this study provide an 
enhanced understanding of cancer 
pain and its association with neural 
landscapes. Further research on 
these topics should investigate how 
the tumor microenvironment affects 
phenotypical changes in nerves by 
comparing baseline tissue with 
samples from metastasized tissue. 
The implications of understanding 
the role of nerves within tumor-
invaded tissue will not only provide 
relief from oropharyngeal cancer 
pain and adverse radiation effects, 
but also improve patient functional 
and survival outcomes.
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Figure 2.  Immunofluorescence staining of epithelium tissue sample 
from two OPC patients (Patient A: images A and C, Patient B: images 
B and D). A-B. Tissue stained with Panel 1 protein and neural 
markers. C-D. Tissue stained with Panel 2 protein and neural 
markers. 
Figure 3. Neural phenotype
marker areas per patient. A.
There was a significant
difference between the area of
each marker and the average
nerve area (ANOVA, p<0.0001).
However, there was no
significant difference between
any of the areas of neural
phenotype markers with each
other (ANOVA, p>0.9999). B-C.
There was no significant
difference between the area of
each marker and the average
nerve area nor was there
significant difference between
any of the areas of phenotype
markers with each other
(ANOVA, p>.9999).
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Methods
• Epithelium samples affected by oral 
SCC of OPC patients (N=3) treated at 
MD Anderson Cancer Center were 
formalin fixed and paraffin 
embedded.
• PRO data for the patients in this 
cohort was taken from standard of 
care databases within the Section of 
Speech Pathology and Audiology. 
• Sections were labeled with neural 
and cancer markers using two 
different RNAscope Multiplex v2 
Assay combined with 
Immunofluorescence panels.
• Images were analyzed for nerve 
quantification, phenotype, and 
location using custom automated 
applications in Visiopharm’s image 
analysis system.
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CK Tissue and muscle damage
GAP43 Nerve plasticity
DCX De-differentiated and immature neurons
Table 2. Panel 2 Target Probes Results
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Figure 4. Comparison of normalized average tumor 
area in patient biopsy sample with extranodal extension 
grade of OPC patients. Patients are categorized based 
on history of smoking. Results indicate non-smoking 
patients did not have extra-nodal extension occurring at 
time of study. 
Figure 5. Analysis of average nerve area 
normalized to total tissue area in patient biopsy 
sample with regard to smoking history of OPC 
patients. 
Table 3. Demographic and clinical features 
of study cohort
1Department of Head and Neck Surgery, The University of Texas MD Anderson Cancer Center, Houston, TX
2Department of Leukemia, The University of Texas MD Anderson Cancer Center, Houston, TX
Patient A B C 
Age 61 47 52
Sex M M M
Site Tongue & Tonsil Tonsil Tonsil
pT_8th 1 0 2
Smoking Never Never Former
Alcohol Never Never Current
Neoadjuvant N N N
Chemotherapy N N N
Immunotherapy N N N
Radiatiotherapy N N Y
LN_Ratio 0.04 0.02 0.04
ENE N N Y
ENE_Grade 0 0 >2mm
SCC_type Squamous squamous squamous
P16_IHC Y Y Y
Tumor_size 1.5 0.5 2.3
Positive_margin N NR 2
Recurrence N N N
Death N N N
pT_8th: Primary tumor (8th ed. TNM)
LN_Ratio: proportion of metastasized lymph nodes to normal 
lymph nodes in tissue
ENE: Extra-nodal extension
SCC: squamous cell carcinoma
P16_IHC: P16INK4a immunohistochemistry
Figure 1. Application of Visiopharm customized 
APPs created to quantify and phenotype 
metastasized tissue and nerves. A. Original image of 
immunofluorescence stained tissue. B. Same tissue 
after tumor segmentation and nerve quantification 
deep learning APPs are applied: tumor indicated in 
pink and nerves shown in yellow.  
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